A theoretical study was conducted to determine the ionization constants of N-substituted amino acid derivatives using HF, DFT, and MP2 calculation methods. The extent of compatibility of these methods was determined by discussing the theoretical variables calculated in the three methods mentioned above, the relationship between the calculated physical variables have been found to be theoretical and to determine their nature. These variables were then correlated with the known chemical values of amino acids as pKa ionization parameters. The results obtained by this relationship were found to be good. This is indicated by the results of the statistical analysis across the correlation coefficient values. The theory that gave the best agreement between the values of the theoretical and the experimental ionization parameters were the MP2 method with good correlation coefficient (0.997) and standard error (0.162). As well as the large overlap between pKa values calculated theoretically with practical values where the difference (0.008) gives the opportunity to apply these variables in other studies.
Introduction
Amino acids have a particularly important location in biology as basic building blocks of all proteins and contribute to cellular functions. 1 The terms dissociation/protonation constants are referred to measure of acidic or alkaline force. The term ionization constant is called in the case of zwitterions. 2 Typically three types of amino acid ionization constants are defined: pKa refers to the ionization of the carboxyl group, pKb represents the ionic group ionization constant, and pKc refers to the side group R, which may contains ionizable groups, and exist in the form of zwitter ions. 3 Amino acids in a strong basic medium can behave as acids as they lose theirs proton and becomes anion. In the strong acidic medium, they can behave as bases and acquire proton and become positive ion (cation). 4 In neutral solutions, the concentration of zwitterions is very high and this behaviour can be illustrated by Scheme 1.
.
Scheme 1. Forms of amino acids in media of different acidities.
A list of amino acid derivatives investigated in this study is given in Table 1 . Table 1 . Names of amino acids derivatives and their formula. 
Computational chemistry
Computational chemistry is one of the branches of physical chemistry along with quantum mechanics and molecular mechanics, whose purpose is to find the most important properties of the chemical compounds and compare them with the experimental values. It is one of the main branches of research used in analysis and diagnostics and support of experimental research. 7 Theoretical chemistry can be presented as a mathematical description of computational chemistry. 8, 9 The most important of these variables is the electronic density, which represents the square wave function (), which indicates the possibility of an electron in the vicinity of the nucleus or on any atom in the molecule. 10 Other important variables include van der Waals forces, dipole-dipole, space disruptive energy and energy variables like HOMO and LUMO values. HOMO represents the least energy to remove electrons from the orbital outside the compound to the oxidizing state called ionization potential. 
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LUMO is the least possible energy needed to acquire an electron into the outer orbit and the compound changes to a reduced state called electronic affinity. 11 Some other variables such as hardness (, 12 electronic chemical potential (μ) 13 and the global electrophilicity index (W) 14 are calculated from these energy variables with the help of following relationships.
Theoretical Calculations
The theoretical calculations have been completed in different ways such as (HF-6.31G (d)), (DFT-(B3LYP / 6.31G (d)) and (MP2-6.31G (d)) and using the (Chem office2015 Gaussian3 program) according to the following steps:
1. The molecular formula was drawn using the program (Chem. Draw) 2. Perform the process of preparing the molecule for calculations using the Clean Up directive 3. The energy reduction process was performed using the MM2 program. 4. The calculations were conducted according to each of the methods mentioned above. 5. Some variables related to the constants to be studied (e.g., charge, van der Waals, HOMO, LUMO) are taken from the program results The variables that taken from step 4 were processed by SPSS package to obtain the best of these variables about the values to be calculated and the weight of each.
Results and Discussion

Theoretical Calculations
In this study, some of the physical variables of the amino acid derivatives were observed for the effective sites as shown in Figure 1 . The finding of the relationship between them and the values of ionization constants by the methods mentioned above. The purpose of selecting these methods is to compare them and to indicate the performance of each method through the accuracy of the calculations and their compatibility with the experimental values of pKa. The choice of these methods is based on the most common and most widely used in this field of studies and their propensity to yield accurate results observed in the literature. [15] [16] [17] [18] [19] Theoretical calculations of some physical variables of amino acid derivatives
Charge effect
Calculations of the Mulliken charge (which represent the difference between the negative electron density in orbits and the amount of positive protons in the nucleus) were calculated for five atoms at the centre of the interaction of amino acid derivatives using the basic calculation methods (MP2, DFT and HF). The results are given in Tables 2-4 . Tables 2-4 we see that they change in a certain pattern. This change can be explained if we take one of the compounds as an example of this change and explain it in detail and quantitative quantities. Taking into consideration the Nethyl glycine we find the electron charge is concentrated on the C4-carbon atom because it is close to the amino group associated with the R group, while the electron charge decreases on the C3-atom near the O1 and O2 in the carboxyl group and the increase in the charge on O1, O2 and N5 is clearly observed. As expected, due to the electronegativity of these atoms with the electron abundance on these atoms, especially the presence of free electronic pairs, and reference to other amino acids, the value of the electronic charge on the C4-atom varies with the change in the nature of the group R linked to nitrogen Through its ability to draw and donate, during the observation of the movement of electrons on the atoms in the centre of the interaction can be concluded that the electronic movement, although the aliphatic systems it does not depend on the neighbouring atoms, but beyond it to reach further and this can be demonstrated by the decrease in the electron charge on C3-atom and its increase in the outer O1 and O2 atoms. It is different from what is expected if these groups were isolated. This change includes all methods (MP2, DFT and HF) With differences in charge values following the same pattern for each method.
From the observation of the values of the charges in
The theoretical basis for this comparison is the extent of differences in the distribution of charges on atoms at the centre of the reaction (Figure 1 ). The greatest variation in the distribution of charges on atoms at the centre of the interaction is the sensitivity of the method adopted in this type of application. In order to better explain these differences, charges on O1, O2, C3, C4 and N5 in N-n-butyl glycine, determined by the three methods were plotted (Figure 2 ). The plots showed that the difference in the values of these charges, calculated by MP2 (1), is the most extensive when compared with the methods of HF (3) and DFT (2) . This distinguishes HF and DFT from other methods and qualifies them for wider use and makes the results obtained are more accurate and consistent. This is in line with previous studies 21 in this field on the thiophene and furan derivatives because they gave significant differences between C-3 and oxygen which have high electronegativity. Table 1 . Table 5 . Relation between spatial impedance energy and size of the substituent.
Spatial effect
The purpose of the vacuum arrangement is the geometrical form that amino acids can take and the distribution of atoms in the vacuum controlled by different factors: the first is the disability factor (increasing the particle's energy and decreasing its stability), which works to increases the electrons pushing the atoms of the disabled in the distant direction to alleviate the dissonance caused by these totals. Table 6 . Relation between vacuum impedance and size of the substituent.
The second effect is the spatial interference of different types, such as interference of van der Waals and hydrogen bonds. Based on the above, some theoretical variables were selected such as the energy of spatial disability (S.E.) and An examination of Tables 2-4, revealed that the value of the spatial impedance energy increases with the size of the substituted group (Table 5 ).
In the substituted alanine, the value of vacuum impedance also increases by increasing the size of the compensated group in the following order (Table 6 ).
In the N-benzoylglycine compound, the value of vacuum impedance is greater than that of N-phenylglycine due to the presence of the carbonyl group, which makes it more stable.
As for the values of the impact of dipole moment, we noticed that it is also affected by the nature of the substituent found on the amino acids, and increase the size of the substituted and its polarities in a manner consistent with the effects of spatial disability. It is observed that the values of van der Waals interaction are minimum in the Nethylglycine. This energy increases with an increase in the size of the substituent, which is the result of a type of van der Waals power as a result of interference resulting from spatial disability, and this is consistent with the values of spatial disability. The values of the energy variables calculated theoretically for amino acid derivatives by three different methods are given in the Tables 7-9. The relationship between each of the variables was found in the MP2 method as a model and for amino acid derivatives. The results of these ratios were included in the Table 10 In considering the above table, it can be noted that the correlation coefficient obtained in MP2 theory was high and close to one. This indicates the importance of using these variables in calculating the value of pKa and comparing them with the values obtained from the literature The standard error (S.E) of the relationship between the values of ionization constants and the theoretically calculated variables in simple analysis was small for the amino acid derivatives in MP2 theory where they were better than the rest of the theories.
Theoretical calculation of pKa ionization parameters for amino acid derivatives
The results of the statistical analysis were used to determine the important variables used to calculate the ionization parameters in the calculation of the theoretical values and the differences from the experimental values taken from the literature and the three methods as shown in Table 12 .
It is observed that there is a large congruence between the values of the pKa ionization constants calculated theoretically with the experimental values obtained from the literature for the MP2 method of amino acid derivatives. This is an indication of the accuracy of the variables used to calculate these values. MP2 theory gave the most accurate results in the convergence of values between the constants of theoretical ionization and the constants of ionization obtained from literature and the sequence of theories in terms of preference is DFT<MP2<HF.
